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The rainfed region in Iraq comprises an area of more than 5 million ha of forest, grazing and farmland
areas. Except the plains, the region suffers from moderate to severe water erosion due mainly to over-
grazing and land mismanagement. Due to population growth and the shortage in water resources, an
expansion in land used for agriculture in the region is expected. Terracing is an option when utilizing
sloping land for agricultural production. A terrace design criterion was developed for the region in which
terrace spacing was determined using the Revised Universal Soil Loss Equation (RUSLE); terrace channel
speciﬁcations were determined using conventional hydraulic computations. Analyses showed that ter-
racing is feasible on rolling and hilly sloping land in the high rainfall zone (seasonal rainfall 4600 mm)
where economic crops are grown to offset the high cost of terrace construction and maintenance. In the
medium and low rainfall zones (seasonal rainfall 400–600 mm and 300–400 mm), terracing for water
erosion control is generally not needed on cultivated land less than 10% in slope where wheat and barley
crops are normally grown; however, pioneer research projects are needed to assess the feasibility of
terraces of the level (detention) type to conserve rain water in these two zones for a more successful
rainfed farming venture.
& 2016 International Research and Training Center on Erosion and Sedimentation and China Water and
Power Press. Production and Hosting by Elsevier B.V. This is an open access article under the CC BY-NC-
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Power Press.1. Introduction
Declining soil productivity and contamination of surface water
resources are two major outcomes of cropland erosion by water.
Research is often needed to establish erosion control measures
suitable to a particular region.
Terracing for water erosion control may become necessary when
farming on the moderate and steep slopes. The application of thistion and China Water and Power Press. Production and Hosting by Elsevier B.V. This
censes/by-nc-nd/4.0/).
Fig. 1. Typical terrace cross section; a – broad base, b – steep backslope, c – bench.
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with limited land resources (Petanidou, Kizos & Soulakellis, 2008).
Soil erosion modeling and economic analysis may be used to explore
the necessity for terrace farming in agricultural areas (Beven &
Conolly, 2010; Peterson, Miller, Milligan & Withers,1981). For the
small land holders, beneﬁts of terraces come only in the long term
(Angima, Stott, O'Neill, Ong & Weesies, 2003). Terraces are also used
for water conservation on all types of slopes. Lu, Zhu, Skaggs, and Yu
(2009) reported that development of narrow terraces on lands that
sloped 5° and 10° reduced soil losses by 57.9% and 89.8% and nutrient
losses by 89.3% and 95.9%, respectively, in a semiarid region in China.
Additionally, soil bulk density was reduced by 4%, soil moisture in-
creased by 20.7%, soil fertility increased by 42.4% and yield increased
by 22.4–37.3%. In another study, Yang et al. (2010) found that the
average annual sediment yield from a watershed decreased ex-
ponentially with the increase in ﬂow diversion terrace protection.
Most developing countries lack the necessary data base to es-
tablish a suitable criterion for terrace design. Terrace design for-
mulas derived elsewhere (e.g. FAO, 1979; NRCS, 2004) are often
valid only within the region where they were developed for. The
Universal Soil Loss Equation (USLE) (Wischmeier & Smith, 1978)
and its revised version (RUSLE) (Renard, Foster, Weesies, McCool &
Yoder, 1997) are being used to ﬁnd terrace spacing in regions
where an estimation of the equation parameters is available. Since
the parameters for this equation in the rainfed region of Iraq are
generally available (Hussein, 1986, 1998; Hussein & Kariem, 1988)
we will use the RUSLE to obtain a ﬁrst approximation for terrace
spacing in the region. Basic hydraulic principles for channel ﬂow
will be used to estimate terrace channel speciﬁcations. Terraces
are generally expensive to build and maintain, hence the feasibility
of any proposed terrace system should be determined.Fig. 2. Terrace spacing (after NRCS, 2010).2. Background
2.1. The rainfed region in Iraq
The rainfed region in Iraq is located to the north of the 300 mm
isohyet with a total area of more than 5 million ha. The region has
a semiarid Mediterranean type climate characterized by a wet cold
winter and a dry hot summer. Rainfall season in the region nor-
mally starts in early or mid fall and ends in mid or late spring.
Problems with rainfall in the region include the delay in the fall
rain which affect seeding time and seedlings, the limited useful-
ness of rain during the cold period because of slow growth and the
insufﬁciency of spring rain necessary for an economic yield.
Forests cover more than 1.5 million ha of mostly mountainous
areas located to the north and northeast of the region with mean
seasonal rainfall exceeding 600 mm. They are mostly degraded oak
forests with the Querus aegilops being the dominant tree species.
Water erosion is slight to moderate.
More than 2 million ha in the region is under rainfed farming
mainly in the foothills region. Topography is level to rolling. Farm
size varies considerably and ranges from few hectares to several
hundreds hectares. Wheat, barely and legumes are the major crops
grown. Current tillage practices used are mostly moldboard
plowing and/or disking for seedbed preparation. Aridisols, Molli-
sols and Vertisols are the major soil orders in the rainfed farming
zone. Sheet and rill erosion are common.
The rest of the rainfed region is mostly grazing land. Over-
grazing is common resulting in a degraded rangeland. Sheet, rill
and gully erosion are active. Severe gully erosion occurs in the
Adhaim river valley located in the southeastern part of the region.2.2. Terraces and their use
Terraces are embankments or a combination of embankments
and channels constructed across the slope to control erosion and/
or conserve water by diverting and temporarily storing surface
runoff instead of permitting it to ﬂow uninterrupted down the
slope (SWCS, 1982). Terraces may be classiﬁed by their alignment,
gradient, outlet and cross section. Alignment may be parallel or
nonparallel. Gradient may be level or graded. Outlets may be soil
inﬁltration only, vegetated water ways, tile outlets or combination
thereof. Cross section may be narrow base, broad base, bench and
steep backslope (ASAE, 1989).
On gently to moderately sloping land (i.e. slope r 12%), the
broadbase type of terraces (Fig. 1a) may be used. On moderately
steep land (i.e. 12%oslopeo20%), the steep backslope type of
terraces (Fig. 1b) may be used; in this type of terraces, the back-
slope is usually kept in grass. Both types can be farmed; for the
narrow base type of terraces, the entire cross section is frequently
seeded to permanent vegetation. On steep land, the bench type of
terraces (Fig. 1c) may be used (ASAE, 1989; FAO, 1979; Jacobson,
1981); however, the high cost of bench terraces limits their use for
commercial agriculture in rainfed regions (Posthumus & Stroos-
nijder, 2010). In addition, stone bunds (Nyseen et al., 2007) and
stone walls (Panagos, Borrelli, Meusburger, van der Zanden, Poe-
sen & Alewell, 2015) are being used as an effective water erosion
control practices on sloping land.
The graded (diversion) type of terraces is primarily used for
water erosion control mainly by reducing the ﬁeld slope length.
The level (detention) type retains runoff and it is primarily used
for water conservation. Both types can be farmed. Terraces are
preferably constructed parallel to facilitate farming operations. It
was found (Abu Hammad, Haugen & Borresen, 2005a) that
Table 1
Regression equations for the contouring factor in the RUSLE.a,b
= ( − ) + ≺P a s s P s sb m c b mb c m
= ( − ) + ≥P c s s P s sb c m d mb c m
= ≥P s s1.0b c e
a Foster , Weesies, Renard, Yoder, McCool, & Porter (1997)
b Pb¼base value for the P factor for contouring, sm¼slope (expressed as sine of
the angle θ) at which contouring has its greatest effectiveness, sc¼slope (sin θ) for
which a value of Pb is desired, se¼slope (sine θ) above which contouring is
ineffective, Pmb¼the minimum P value for a given ridge height with base
conditions. For a moderate ridge height (810 cm), a¼ 23,132 b¼4 c¼12.26
d¼1.5 sm¼7% se¼20% Pmb¼0.45
Table 3
Critical slope length values for the effectiveness of contouringa
Slope (%) Critical slope length for effective contouring (m)b
12 305
35 117
68 61
912 38
1316 24
1720 18
2125 15
a Foster et al. (1997).
b Moderate ridge height (810 cm), hydrologic soil group C, no cover or
minimum roughness or both, EI30 for 10 yr frequency storm¼17.02 [(MJ/ha)
(mm/h)]
Table 4
Terrace P-factor values for conservation planninga,b.
Horizontal Closedc Open outlets, with percent grade ofd
terrace interval (m) outlets 0.10.3 0.40.7 Z0.8
Less than 33 0.5 0.6 0.7 1.0
3342 0.6 0.7 0.8 1.0
4354 0.7 0.8 0.9 1.0
5568 0.8 0.8 0.9 1.0
6890 0.9 0.9 1.0 1.0
More than 90 1.0 1.0 1.0 1.0
a Foster and Highﬁll (1983). P factor for terraces is to be used after terraces have
been constructed and operational not at the design stage.
b The composite P-factor is obtained by multiplying these values by other P-
subfactor values for contouring or other support practices on interterrace inter-
val.
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(the ratio of total plant dry weight to the difference between total
precipitation and total runoff).
Terraces cannot be used effectively on sandy areas, on stony
land or on shallow soils. They are not practical in ﬁelds with
complex topography and become too expensive for mechanized
agriculture on slopes that exceeds 812%, but are sometimes used
on very steep slopes when crops are grown with hand labor and
animal traction (Troeh, Hobbs & Donahue, 2004).
The rainfed region in Iraq experiences moderate to severe
water erosion (FAO, 1973; Hussein, 1998; Jarjees, El-Swaify, Chan-
Halbrendt, Ali & Zaghloul, 2006). Terraces are needed when cul-
tivating sloping land in the high rainfall zone (seasonal rainfall
4600 mm). The primary objective of terracing in this zone is
water erosion control. In the medium and low rainfall zones
(seasonal rainfall 400600 mm and 300400 mm), terraces, if
needed, are to be used mainly for water conservation.c Values can also be used for terraces with underground outlets and level
terraces with open outlets.
d Channel grade is measured on the 90 m of terrace closet to outlet or 1/3 of
total length, whichever distance is less3. Estimating terrace spacing in the region
Terraces for water erosion control may be spaced by simulating
erosion and sediment yield on the targeted land slope using a
suitable erosion/sediment yield model (Meyer, Wu & Grissinger,
1991). However, most of these models require extensive input data
not readily available in sites where terracing is needed. An alter-
native, is using the USLE/RUSLE to obtain a reasonable ﬁrst ap-
proximation for terrace spacing in a region. The slope length used
when checking soil loss for a proposed terrace spacing is the dis-
tance from the terrace ridge to the next lower terrace channel
measured along the natural ﬂow direction (Fig. 2) (NRCS, 2010). In
the past few decades, the USLE/RUSLE was applied in many re-
gions of the world where an estimation of its factors became
available. When the RUSLE is used to obtain terrace spacing, the
terrace spacing should not exceed the slope length limit for con-
tour cultivation by using a soil loss tolerance limit, the most in-
tensive use expected for land and the expected level of manage-
ment. On gently sloping land, anticipated runoff and the eco-
nomical terrace cross section size may determine spacing rather
than soil loss tolerance between terraces (ASAE, 1989). The RUSLE
is:
= ( )A RKLSCP 1
where A¼mean annual (seasonal) soil loss t ha1 yr1,Table 2
Slope length exponent (m) values for the condition of low rill/interrill ratioa.
Slope (%) 1 2 3 4 5 6 8
m 0.08 0.14 0.18 0.22 0.25 0.28 0.32
a McCool, Foster & Weesies (1997). The low rill/interrill ratio was selected accordinR¼rainfall-runoff erosivity factor MJ ha1 mm h1, K¼soil erod-
ibility factor t h/(MJ mm)1, L¼ length of slope factor,
S¼steepness of slope factor, C¼cover-management factor and
P¼supporting practice factor taking as the contouring factor (Ta-
ble 1). The horizontal terrace spacing λ (horizontal projection of
the slope length parallel to the soil surface) is calculated from:
λ= = ( ) ( )L T RKSCP/ /22.1 2m
From which terrace spacing x can be calculated:
λ θ= ≤ ( )x x x/ cos 3eff contouring
where T¼soil loss tolerance limit t ha1 yr1 and m¼slope length
exponent (Table 2), θ¼slope angle and xeff contouring ¼critical slope
length value for the effectiveness of contouring (Table 3). In Eq. (2),
the overland ﬂow area between two adjacent terraces is assumed
of uniform slope. After terraces operate, P values for terraces
(Table 4) should be used in RUSLE applications.4. Design speciﬁcations for terrace channels
Graded terraces are usually designed to handle runoff from a10 12 14 16 20 25 30 40
0.35 0.37 0.40 0.41 0.44 0.47 0.49 0.52
g to Hussein and Othman (1988)
Table 5
Optimum terrace spacing for water erosion control in the rainfed region of Iraq using the RUSLE.
Soil order Location Common
slope (%)
Present
Land use
Soil lossa toler-
ance
(t ha-1 yr-1)
R factorb
(MJ ha-1
mm h-1)
Typicalc nomog.
K [t h (MJ mm)-
1]
Meand
S factor
Typicale
C factor
Typicalf con-
touring
P factor
Typicalg
terrace spacing
(m)
(x¼ λ/cos θ)
Zako 05 Wheat 10 2535 0.0691 0.30 0.5 0.55 (117)h
Hareer 10–15 ¼ 5 5000 0.0337 1.58 ¼ 0.61 6.4
Bakrajo 0–5 ¼ 10 2560 0.0234 0.30 ¼ 0.55 (117)
Vertisol Arbil 5–10 ¼ ¼ 1062 0.0684 0.84 ¼ 0.46 (61)
Alton Kopry 5–10 ¼ ¼ 900 0.0592 0.84 ¼ 0.46 (61)
Hamdania 0–5 ¼ ¼ 780 0.0547 0.30 ¼ 0.55 (117)
Hijran 5–20 Grazing 2 3920 0.0281 1.58 0.3 0.61 6.7
Mollisol Halabcha 0–5 Wheat 10 2044 0.0198 0.30 0.5 0.55 (117)
Saraw 0–5 ¼ 10 1900 0.0271 0.30 ¼ 0.55 (117)
Shikan 5–10 Wheat 10 1844 0.0262 0.84 0.5 0.46 (61)
Entisol Aqra 10–15 ¼ 5 4773 0.0395 1.58 ¼ 0.61 4.7
Shaqlawa 10–15 ¼ 5 4496 0.0289 1.58 ¼ 0.61 12.6
Sordash 15–25 Grazing 2 4000 0.0291 1.37 0.3 1.0 3.2
Rabyae 0–10 Wheat 10 1500 0.0474 0.57 0.5 0.45 (117)
Tellafar 5–10 Barley ¼ 519 0.0568 0.84 ¼ 0.46 (61)
Aridisol Debaka 5–10 Wheat ¼ 980 0.0528 0.84 ¼ 0.46 (61)
Qadir Karam 5–15 Wheat 5 1700 0.0417 1.17 ¼ 0.51 (38)
Kifry 0–10 Barley 10 540 0.0460 0.57 ¼ 0.45 (117)
a McCormack, Young & Kimberlin (1982).
b Hussein (1998).
c This value is divided by 10 for RUSLE application in the region (Hussein, 1998).
d S¼10.8sin θþ0.03 for slopeo9%, S¼16.8sin θ0.5 for slopeZ9% (length of slope 4 4.6 m) and S¼3 (Sin θ)0.8þ 0.56 (length of slope o4.6 m) (McCool et al.,
1997).
e Assuming continuous cropping; for grazing land, poor condition was assumed (Hussein and Kariem, 1988).
f Table 1.
g Using Eq. (2) and Fig. 2.
h Terracing for water erosion control is only needed when ﬁeld slope length exceeds the critical slope length for contouring given between parentheses (Table 3);
however, level type terraces may be used at desired intervals for water conservation.
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section (a reasonable approximation to most ﬁeld channels) with
side slope Z (cotangent of side slope angle) between 5 and 10 is
usually chosen. Such side slope is easily farmed and incorporated
with the land slope. Since the terrace channel is farmed, a free
outlet is assumed. The outlet depth is considered critical which is
given by:
β= [ ( )] ( )y Q Z g2 / 4c e
0.4
where yc ¼ the critical depth m, β¼ energy coefﬁcient, Qe¼σp A and
σp¼characteristic peak discharge per unit area m s1, A¼area
drained by the terrace channel m2, and g¼acceleration due to
gravity m s2. If the hillslope is the only watershed element con-
tributing to the terrace channel, an expression for σp is given
(Hussein & Othman, 1988) by:
σ = ( ) ( )I V V/1000 / 5p u r5
where I5¼maximum 5 min intensity mm s1 for the design storm
and Vu and Vr are respectively design storm runoff and rainfall
depths mm.
Level terraces and graded terraces with underground outlet
that impound runoff water on the ﬁeld should be designed to hold
the runoff volume from a 10 yr 24 h storm (ASAE, 1989). Flow
depth (y) is estimated by setting (Vu/1000) A¼Zy2L and simplify-
ing:
= [( ) ] ( )y V x Z/1000 / 6u 1/2
where A¼x L , x¼terrace spacing m and L¼ length of terrace
channel m.
Average channel depth (d) is estimated by adding 0.15 m free
board to the ﬂow depth estimated by (Eqs. (4) and 6)). Width ofchannel side should be no less than 4 m so as to enable machinery
of all types to be used. For the triangular cross section, width of
channel side (W) is estimated from:
= ( + ) ≥ ( )W d Z W m1 4 72 1/2
Field conditions often determine the convenient length of ter-
race channel. However, channel length of graded terraces should
not exceed 500–600 m because of the danger of overtopping
during intense storms (Bennett, 1955; FAO, 1979; Troeh et al.,
2004). For level terraces, the length should not exceed about
1000 m to reduce the potential risk of failure (NRCS, 2010).
Flow in graded terrace channels is spatially varied with in-
creasing discharge (Sturm, 2010). For this reason, a convex channel
slope (i.e. channel bed slope increases in the downstream direc-
tion) is preferably chosen to handle the increasing discharge
downstream. The chosen channel slope should not result in a ﬂow
shear stress greatly in excess of the critical ﬂow shear stress for
detachment of soil or channel bed materials. To insure runoff
movement without ponding, slope at the upstream end of channel
should be no less than 0.1% on permeable soils and 0.2% on less
permeable soils; the channel slope at the outlet may be obtained
by using the following equation:
τ γ= ( ) ( )S R/ 8f c c
where τc¼critical ﬂow shear stress below which no detach-
ment occurs Pa, Sf¼friction slope assumed equal to channel bed
slope for kinematic channel ﬂow (Ascough, Baffaut, Nearing, &
Flanagan, 1995) and γ¼speciﬁc weight of sediment-water mixture
N m3. Rc is channel hydraulic radius for the critical ﬂow given by:
= [ ( + )] ( )R Z Z y/ 2 1 9c c
2
Table 6
Designing terraces for a wheat ﬁeld in the rainfed region in Iraq.
Problem
Calculation of terrace spacing and terrace channel speciﬁcations for
a wheat ﬁeld near the city of Duhok (36° 51
0
56″ N 42° 59
0
58″ E).
The soil belongs to the Vertisol order with 20% sand and average
land slope of 12%.
Calculation of terrace spacing
From Eq. (2), T/(RKSCP) ¼ (λ/22.1)m
T¼5 t ha1 yr1 (McCormack et al., 1982).
R¼ 1600 MJ ha1 mm h1 (Hussein, 1998).
K ¼ 0.0045 t h (MJ mm)1 (Hussein, 1998).
m¼0.37 (Table 2).
C¼0.5 (Hussein & Kariem, 1988).
P¼0.59 (Table 1).
θ¼tan1 0.12¼6.84°, S¼16.8 sin 6.840.5¼1.5 (Table 5).
λ¼ [5/(16000.00451.50.50.59)]2.7¼74.62 m horizontal
spacing (Eq. (2)). Spacing¼x¼λ/cos θ¼75.15 m (Eq. 3).
The slope length limit for the effectiveness of contouring ¼ 38 m
(Table 3).
Hence, spacing¼38 m.
Terrace channel speciﬁcations
According to Kaka, Kettaneh, and George (1976), the 10 yr 24 h
storm at Duhok city produces about
70 mm of rainfall (Vr) and about 50 mm of runoff (Vu) with
maximum rainfall intensity
(Imax¼ I5)¼100 mm h1¼0.0277 mm s1. Assuming channel side
slope Z¼5.
1- level terraces option
Channel depth¼d¼ [(50/1000)38/5]1/2þ0.15¼0.77 m (Eq. 6).
Width of channel side¼W¼0.77(52þ1)1/2¼3.93 mE4 m (Eq. 7).
2- Graded terraces option
For a bare channel bed at the design stage, βE1, assuming the
length of terrace channel¼600 m.
Estimating the critical ﬂow depth (yc) at the end of channel (Eq. 4):
A¼60038¼22,800 m2.
σp¼(Imax/1000)(Vu/Vr)1/2¼[0.0277/1000](50/70)1/2
¼2.35105 m s1 (Eq. 5).
Q ¼σ A¼2.35105 22,800¼0.5358 m3 s1.
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ﬂow shear stress for detachment
(Alberts et al., 1995):
For cropland surface soils containing Z 30% sand:
τ = + − ( )clay vfs2.67 6.5 5.8 10c
where clay, vfs are respectively fractions of clay and very ﬁne
sand contents in the surface soil and τc expressed in Pa. In Eq. (10),
vfs is set equal to 0.4 when vfso0.4 and clay is set equal to 0.4 if
clay 40.4. For soils containing o30% sand, Eq. (10) becomes:
τ = ( )3.5 11c
Critical shear stress given by Eqs. (10 and 11) is the shear stress
acting on the soil or channel bed materials. Grass and mulch re-
duce this stress. When the terrace channel is covered with grass,
total shear stress is divided into that acting on the vegetation or
mulch and that acting on the soil using sediment transport theory
(Graf, 1971; Hussein, 1996).
Soil inﬁltration may be used as the outlet for level terraces. Soil
inﬁltration rate, under average rainfall conditions, must permit
inﬁltration of the design storm from the terrace channel within
the inundation tolerance of the planted crops. Vegetated outlets
are suitable for graded and open-end level terraces. Underground
outlets are suitable for both graded and level terraces; the outlet
consists of an intake and an underground conduit. Combination of
different outlet types may be used in the same terrace system.
Life of terrace systems is normally considered 20 years (Hud-
son, 1995). Deposition in terrace channels may shorten the eco-
nomic life of a terrace system. Due to tillage operations in terrace
channels, a uniform deposition depth may be assumed. The den-
sity of deposited sediment may be assumed equal to the bulk
density of the tilled layer (Gassel, 1982).e p
yc¼[√2 √10.5358/ (5√9.81)]0.4¼0.3 m.
Channel depth¼0.3þ0.15¼0.45 m.
Width of channel side¼W¼0.45(52þ1)1/2¼2.29 m (Wo4 m)a.
Rc¼{5/[2(52þ1)2]}0.3¼0.15 m (Eq. 9).
Critical shear stress at channel end¼τc¼3.5 N m2 (Eq. (11)).
Sf¼3.5/(98000.15)¼0.0024¼0.24% (Eq. (8)).
a For graded terraces option, Z may be increased so that WE4 m. However,
such terraces would be expensive to build.5. Results and discussion
Table 5 shows the application of RUSLE to obtain typical terrace
spacing for 18 sites distributed among four soil orders in the
rainfed region. Soil erodibility factor (K) at these sites was de-
termined by taking surface soil samples from a representative
location at the site; the samples were then analyzed for the factors
in the soil erodibility nomograph (Wischmeier, Johnson & Cross,
1971). The obtained nomograph values were divided by 10 to
obtain an estimate for soil erodibility factor in the region (Abu
Hammad, Lundekvam & Borresen, 2005b; Hussein, Kariem &
Othman, 2007).
Table 5 indicates that terracing is needed only on rolling and
hilly slopes in the region high rainfall zone regardless of the soil
order. Values between parentheses in column 11 of Table 5 in-
dicate no need for terracing unless the slope length exceeds the
critical value for contour cultivation given in Table 3. No terracing
for water erosion control is normally needed on gently sloping
land and nearly level land. On rolling and hilly slopes, terrace
spacing is small due to the relatively high seasonal soil loss rate.
Certainly, a terrace system with a small spacing value would be
expensive to build and maintain and the land has to be used to
grow economic crops. Economic feasibility becomes an important
factor when terrace spacing is less than 30 m (Troeh et al., 2004).
Hence for a terrace system to control water erosion on rolling
and hilly slopes in the region, spacing can be calculated using the
RUSLE. In this respect, the R-factor values are readily available for
nearly all locations in the region (Hussein, 1986, 1998). The K-
factor can be obtained from the region soil erodibility map (Hus-
sein, 1998) or by analyzing a representative surface soil sample at
the site then applying the soil erodibility nomograph with theresult divided by 10 (Table 5). Measurement of a representative
land slope at the site is also needed. Terrace channel speciﬁcations
can be obtained using equations 4 through 11. A sample calcula-
tion for terrace spacing and terrace channels speciﬁcations in the
region is given in Table 6.
Technology is currently available for terrace design and layout
using GIS with an automated guidance system (Guo & Maas, 2012).
Such procedure incorporates the spatial analysis capability of GIS
and the accuracy of the automated guidance system in terrace
layout. Such procedure is cost effective, efﬁcient and ﬂexible
especially when terracing large areas.6. Conclusions
Farming sloping land under rainfed conditions has increased
recently due to population growth and the shortage in water re-
sources. Such farming may result in a serious water erosion on
these lands.
Terracing is an option to combat such water erosion hazard.
However, most developing countries lack the necessary data to
establish a criterion for designing terraces. The primary objective
of this study was to use the RUSLE and hydraulic principles for the
design of suitable terrace systems for the rainfed region in Iraq.
M.H. Hussein et al. / International Soil and Water Conservation Research 4 (2016) 39–4444Results show that terraces for water erosion control on sloping
land are needed in areas with more than 600 mm of mean sea-
sonal rainfall given that economic crops are grown to offset the
cost of terrace building and maintenance. In areas with less than
600 mm of mean seasonal rainfall, terraces for water erosion
control are generally not needed on land with level to rolling to-
pography where wheat and barley are normally grown under
rainfed conditions. However, research is needed to assess the
feasibility of terraces of the detention type used for rainwater
conservation for a more successful rainfed farming venture in
these areas.References
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